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\a device for transmitting torque between two 
rotatable, coaxial shaft members 




Field of the Invention 



5 



The present invention relates to a device for 



transmitting torque between two rotatable, coaxial shaft 
members, the device containing 

a clutch between the two shaft members and engageable 
- to counteract rotational speed differential between the 
10 shaft members - by means of a hydraulic piston under the 

control of an electrically controlled throttle or pressure 



and a clutch pump for supplying hydraulic pressure to 
the hydraulic piston, the clutch pump being driven by 

15 either one or both of the shaft members, 

wherein the hydraulic piston, the valve, and -the 
clutch pump are connected in a hydraulic system also 
containing a feeder pump for maintaining a certain base 
pressure in the system. 

20 The invention especially relates to such a device, 

wherein the clutch pump is a differential pump driven by 
the rotational speed differential between the two shaft 
members. Reference is below only made to such a 
differential pump. 

25 Background o£ the Invention 

A practical device of this kind is used as a so 
called "limited slip coupling" in a four-wheel-driven car 
for transmitting force for example from the driving forward 
axle of the car to its driven rear axle. In such a case, 

30 the coupling is arranged in the longitudinal drive shaft 
between the forward and rear axles. 

The coupling is based on the principle that when 
there is a rotational speed differential between the two 
shaft members in the coupling, the differential pump will 

35 create a hydraulic flow which - moderated by the 



valve, 
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electrically controlled valve - will be transmitted to the 
clutch for counteracting the rotational speed differential- 

A typical example of such a limited slip coupling is 
shown in WO 97/04245, to which reference is made for 
further information . 

A possible drawback with the coupling shown therein 
and referred to above is that it may in certain cases be 
desirable to transmit a certain moment already when the 
vehicle or car stands still - a so-called "lockup from 
stationary". As the design so far described is dependent 
for its function on a certain rotational speed differential 
this is not possible. 

The main object of the invention is thus to modify 
the device or coupling as so far described to enable a 
"lockup from stationary". 

The Invention 

This may according to the invention be attained by 
means in the hydraulic system for conditionally allowing 
flow from the feeder pump past the valve to the hydraulic 
piston irrespective of the flow from the differential pump. 

The inventive idea is accordingly to make use of the 
flow from the feeder pump, which is available for the 
purpose of maintaining a certain base pressure in the 
hydraulic system required for the ordinary function of the 
device. 

In a practical case - as is shown in WO 97/04245 - 
the hydraulic system - in a closed portion - comprises 
lines from the differential pump, through the electrically 
controlled throttle or pressure valve to the clutch, the 
portion including check-valves. However, oil may be 
supplied by the feeder pump from a reservoir and may be 
removed or returned to the reservoir via an overflow valve. 

In such a system the feeder pump and the differential 
pump may in accordance with the invention either be 
connected in series or in parallel in order to fulfil the 
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purpose of conditionally (i e through the electrically 
controlled throttle or pressure valve) using the feeder 
pump flow for actuating the clutch. 

In an arrangement for series connection a separate 
check-valve is arranged between the overflow valve and the 

feeder pump. 

Here, an accumulator may be arranged either in 
connection with the overflow valve or the feeder pump. 

In an arrangement for parallel connection a separate 
check-valve is arranged between the feeder pump and the 
electrically controlled throttle or pressure valve. 

In order to prevent return flow, when the fluid 
pressure exceeds that of the feeder pump, a separate 
overflow valve may be connected in parallel over the check- 
valve in all the embodiments described above. 

The Drawings 

The invention will be described in. further detail 
below under reference to the accompanying drawings, in 
which 

Fig 1 is a sectional view of a prior art limited slip 
coupling with a first embodiment of a hydraulic system 
according to the invention, 

Figs 2-4 diagrammatically show other embodiments of 
hydraulic systems according to the invention, and 

Figs 5-10 diagrammatically and in a different fashion 
show the different embodiments of a hydraulic system shown 

in Figs 1-4 . 

De-tailed Description of Embodiments 

The present invention is concerned with a hydraulic 
system for a so called limited slip coupling of the type 
usually used to transmit torque from a first driven axle of 
a four-wheel drive road vehicle to a second driven axle, or 
differently speaking for transmitting torque between two 
rotatable, coaxial shaft members. 
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Such a limited slip coupling is for example known 
through WO 97/04245, to which reference is made. The design 
of this coupling is also shown and described here for 
providing a proper understanding of the hydraulic system 
according to the invention. This description is kept as 
short as possible. 

A first shaft 1 to the left in Fig 1 and a second 
shaft to the right are rotatably journalled in a housing 3 
with a cover 4. 

A hub 5 is attached to the first shaft 1 and 
constitutes a first shaft member therewith. 

A number of alternate clutch discs or rings 6 are 
externally splined to the hub 5. 

The second shaft 2 has a radial flange 2', and a 
sleeve 7 is attached thereto. The shaft 2 with its flange 
2' and the sleeve 7 together constitute a second shaft 
member . 

A number of alternate clutch discs or rings 8 
corresponding to the clutch discs 6 are internally splined 
to the sleeve 7. When engaged, the clutch discs 6 and 8 
will counteract rotational speed differential between the 
two shaft members. 

A cam disc 9 is splined to the hub 5 to the right of 
the clutch discs 6, 8 in the drawing for their engagement 
in a way to be described, and the the reaction force is 
taken up by the housing 3 via a thrust washer 10, which is 
positioned to the left of the clutch discs 6, 8 in the 
drawing, and an axial needle bearing 11, supported by the 
housing 3. 

At its surface facing from the clutch discs 6, 8 the 
cam disc 9 is provided with a circular cam curve, and the 
axial end surface. of the hub 5 is provided with a 
corresponding circular cam curve. Three sets of cylindrical 
cam rollers 12-14 are arranged to cooperate with these cam 
curves. The cam rollers 12-14 are rotatably arranged in the 
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radial flange 2' of the second shaft 2. Each set may 
contain for example three cam rollers, and there is a phase 
shift from one set to the next one, for example amounting 
to 30°. The cam profile on the cam disc 9 is such that at 
rotation the cam rollers 12-14 will be imparted a movement 
whose axial speed is linearly changed with the relative 
rotational angle between the shafts 1 and 2. 

Thrust washers 15-17 are in engagement with the cam 
rollers 12-14. These thrust washers 15-17 are concentrical 
and rotatable independently of each other. 

Three concentrical, ring-shaped pistons 18-20 are 
axially movable in corresponding ring-shaped cylinders in 
the housing cover 4 and are provided with sealings . The two 
inner pistons 19, 20 cooperating with the hub 5 have the 
same piston area, whereas the outermost piston 18 
cooperating with, the cam disc 9 has a greater area. 

The result of the described arrangement is that the 
pistons 18-20 will be imparted axially reciprocating 
movements, when the two shafts 1 and 2 have a rotational 
speed differential. 

A hydraulic line 21 provided with a check valve 22 is 
connected to each of the two ring-shaped cylinders for the 
inner pistons 19, 20. After the check valves 22 the two 
lines 21 are connected to each other and lead to an 
overflow line 23 (here shown to be provided with a check 
valve 24 to be described below in connection with the 
invention), and further to a hydraulic line 25 provided 
with an electrically controlled throttle valve 26. The 
hydraulic line 25 is connected to the ring-shaped cylinder 
for the outermost piston 18 by a hydraulic line 27. This 
latter line 27 is connected to the hydraulic lines 21 via 
•check valves 28. This hydraulic system is a closed system. 

The hydraulic line 23 is also connected to an oil 
resorvoir 29 via an overflow valve 30, for example adjusted 
to a pressure of 3 bar. Oil from the resorvoir 29 is pumped 
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by means of a motor-driven pump 31 to the hydraulic lines 
21. The main purpose of the pump 31, which below is called 
a feeder pump, is to establish a certain working pressure 
in the closed hydraulic system. The system will not be able 
to function as intended without this system pressure. 

An accumulator 32 is connected to the hydraulic 
system (at the hydraulic line 23) for levelling out 
variations in the flow to the pistons 18-20. 

The purpose of the electrically controlled throttle 
valve 26 is to control the working pressure in the closed 
hydraulic system and thus to control the force with which 
the rotational speed differential will be counteracted. 

For the sake of clarity, the hydraulic system is 
shown as being arranged outside the housing 3, 4. In 
reality it is arranged within the housing, which in itself 
functions as the resorvoir 29. 

When the described hydraulic system is under 
pressure, so that the pistons 18-20 are held against the 
thrust washers 15-17, a rotational speed differential 
between the two shafts 1 and 2 will effect a reciprocal 
movement of the pistons 18-20, as the cam rollers 12-14 
roll on their respective cam curves. The frequency of the 
reciprocal movements increases with increasing rotational 
speed differential. 

For a further description of the device and its 
function reference is made to WO 97/04245. 

The main constituents of the device are 

a "differential pump", namely the hydraulic pump 
creating a hydraulic flow depending on the rotational speed 
differential between the two shafts, 

a "clutch", namely the hydraulic piston for actuating 
the clutch discs and accomplishing a torque transmission 
between the two shafts, when the flow passes the 
electrically controlled throttle valve, and 
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a "feeder pump" with an overflow valve for 
maintaining a certain base pressure in the otherwise closed 
system, 

A certain rotational speed differential is needed for 
building up the hydraulic pressure required for actuating 
the clutch. This will prevent a so called "lockup from 
stationary", i e an actuation of the clutch for enabling 
the transmission of torque between the two shafts, when the 
vehicle (in which the device is arranged) is stationary. 

The present invention is aimed at enabling a "lockup 
from stationary" in a device of the general kind described 
above • 

Generally speaking, this may be accomplished by 
utilizing the feeder pump for supplying the necessary 
hydraulic pressure to the piston for actuating the clutch, 
even if the differential pump can not deliver any pressure, 
as the vehicle is stationary. 

In a first embodiment as shown in Fig 1 this is 
accomplished by the provision of the above-mentioned check 
valve 24 in the hydraulic line 23 and of a hydraulic line 
33 , which contains an overflow valve 34 and is parallel to 
the hydraulic line containing the throttle valve 26. 

This first embodiment is also illustrated by the 
hydraulic scheme in Fig 5. 

The reference numeral 35 is used for. the "clutch" , 
namely to collectively indicate the hydraulic piston 18 
actuating the clutch discs 6 and 8 connecting the two 
shafts 1 and 2. The reference numeral 36 refers to the 
"differential pump" including the pistons 19 and 20 and 
adjoining members and the check valves 22 and 28. 

Also shown in Fig 5 are the check valve 24, the 
throttle valve 26 (which alternatively could be an 
electrically controllable pressure valve) , the resorvoir^ 
29, the overflow valve (or relief valve) 30, typically set 



021129 AS Gi\PUBiaC\DOC\P\3891033.doc 



8 



at a pressure of 3-5 bar, the feeder pump 31 , and the 
accumulator 32. 

The feeder pump 31 establishes a hydaulic pressure in 
the accumulator 32 (through the throttle valve 26) and will 
provide a increased pressure in the clutch, when the 
rotational speed differential is. nil and the throttle valve 
26 is partly or fully closed- 
It appears that the feeder pump 31 and the 
differential pump 36 are connected in series before the 
throttle valve 26. The check valve 24 is situated between 
on one hand the feeder pump 31 and on the other hand the 
accumulator 32 and the overflow valve 30. 

In Figs 2-10 only reference numerals needed for a 
proper understanding are used. All other numerals appear in 
Fig 1. 

A second embodiment is shown in Figs 2 and 6. The 
only difference in relation to the first embodiment is the 
position of the accumulator 32, which here is connected to 
the hydraulic line 21 to the feeder pump 31. 

This means that the feeder pump 31 and the 
differential pump 36 are again connected in series, but 
that the feeder pump 31 and the accumulator 32 are at the 
same side of the throttle valve 26. 

A third embodiment is shown in Figs 3 and 7. The 
difference in relation to the first embodiment is that a 
further overflow valve 37 is connected in parallel with the 
check valve 24. Hereby the maximum pressure from the feeder 
pump 31 will be limited. 

A fourth embodiment is shown in Fig 8 (and Fig 4, as 
will appear) . The basic thought behind the fourth 
embodiment is to arrange the feeder pump 31 and the 
differential pump 36 in parallel before the throttle valve 
26. A check valve 38 in the hydraulic line from the feeder 
pump 31 will prevent back-flow to the feeder pump 31, if 
the differential pump 36 is "stronger". 
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A variation, being in effect a combination of the 
third and fourth embodiments, is shown in Fig 9, where the 
overflow valve has received the numeral 37'. 

A detailed hydraulic scheme for a combination of the 
third and fourth embodiments is also shown in Fig 4. 

A fifth embodiment is shown in Fig 10, which is 
illustrated as a variation of Fig 5 (the first embodiment) . 
In this embodiment the throttle valve 2 6 is combined with a 
pressure transducer 39- By the provision of this pressure 
transducer 39 it will be possible to lock the clutch at a 
certain pressure at the rotational speed differential nil, 
then to intermittently operate the feeder pump at high 
power and thereafter to decrease the power for i a saving 
the pump motor. This embodiment can be combined with all 
the other embodiments. 
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CLAIMS 

1. A device for transmitting torque between two 
rotatable, coaxial shaft members (1, 2), the device 

containing - 
5 a clutch (35) between the two sha'ft members and 

engageable - to counteract rotational speed differential 
between the shaft members - by means of a hydraulic piston 
(18) under the control of an electrically controlled 
throttle or pressure valve (26), 
10 and a clutch pump (36) for supplying hydraulic 

pressure to the hydraulic piston (18), the clutch pump 
being driven by either one or both of the shaft members, 
wherein the hydraulic piston (18), the valve (26), 
and the clutch pump (36) are connected in a hydraulic 
15 system also containing a feeder pump (31) for maintaining a 
certain base pressure in the system, 

characterized by means in the hydraulic 
system for conditionally allowing flow from the feeder pump 
(31) past the valve (26) to the hydraulic piston (18) 
20 irrespective of the flow from the clutch pump (36) . 

2. A device according to claim 1, wherein the clutch 
• pump is a differential pump (36) driven by the rotational 

speed differential between the two shaft members (1, 2). 

3. A device according to claim 2, 

25 in which the hydraulic system in a closed portion 

comprises lines (21, 23, 25) from the differential pump 
(36) , through the electrically controlled throttle or 
pressure valve (26) to the clutch (35), the portion 
including check-valves (22, 28), and in which oil may be 

30 supplied by the feeder pump (31) from a reservoir (29) and 
may be removed to the reservoir via an overflow valve (30), 

wherein the feeder pump (31) and the differential 
pump (36) are connected in series by means of a check-valve 
(24) between the overflow valve (30) and the feeder pump 

35 (31). 
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4. A device according to claim 3, wherein an 
accumulator (32) is arranged in connection with the 
overflow valve (30) . 

5. A device according to claim 3, wherein an 

5 accumulator (32) is arranged in connection with the feeder 

pump (31) . 

6. A device according to claim 2, 

in which the hydraulic system in a closed portion 
comprises lines (21, 23, 25) from the differential pump 

10 (36), through the electrically controlled throttle or 
pressure valve (26) to the clutch (35) , the portion 
including check-valves (22 f 28), and in which oil may be 
supplied by the feeder pump (31) from a reservoir (29) and 
may be removed to the reservoir via an overflow valve (30), 

15 wherein the feeder pump (31) and. the differential 

pump (36) are connected in parallel by means of a check- 
valve (38) between the feeder pump (31) and the 
electrically controlled throttle or pressure valve (26) - 

7. A device according to any of the preceding claims, 
20 wherein an overflow valve (37) is connected in parallel 

over the check-valve (24, 38). 

8. A device according to any of the preceding claims, 
wherein a pressure transducer (39) is arranged in 
conjunction with the electrically controlled throttle or 

25 pressure valve (26) . 
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SUMMARY 

A device for transmitting torque between two 
rotatable, coaxial shaft members (1/ 2) contains 

a clutch (35) between the two shaft members and 
5 engageable - to counteract rotational speed differential 
between the shaft members - by means of a hydraulic piston 
(18) under the control of an electrically controlled 
throttle or pressure valve (26), 

and a clutch pump (36) for supplying hydraulic 
10 pressure to the hydraulic piston, the clutch pump being 
driven by either one or both of the shaft members. 

The hydraulic piston (18) , the valve (26), and the 
clutch pump (36) are connected in a hydraulic system also 
containing a feeder'pump (31) for maintaining a certain 
15 base pressure in the system. 

Means are provided in the hydraulic system for 
conditionally allowing flow from the feeder pump (31) past 
the valve (26) to the hydraulic piston (18) irrespective of 
the flow from the clutch pump (36) . 

20 

To be published with Fig 1- 



